This paper analyzes the variations of persistent haze days in boreal winter in Beijing and 12 demonstrates a significant increasing trend with increasing probability of the persistent haze 13 events (PHEs) during 1980-2016. The atmospheric conditions favorable for the increasing 14
Introduction 28
In the past decades, pollutant emissions have considerably increased in China due to the rapid 29 Atmos. Chem. Phys. Discuss., https://doi.org/10. 5194/acp-2017-757 Manuscript under review for journal Atmos. Chem. Phys. The dominant feature of the winter monsoon over East Asia is the northwesterly winds in the 147 lower troposphere (Fig.1 ). Severe haze usually occurs when the surface to mid-lower 148 troposphere northwesterlies weaken or even reverse to southerlies, indicating weakened 149 EAWM (Niu et al., 2010) . The unusual southerlies at 850 hPa over eastern China were found 150 to be critical to the gathering of PM2.5 in Beijing (Cai et al., 2017) . Thus, we proposed a 151 practical EAWM indicator, that is, the southerly winds at 850hPa over the region (30-50° N, 152 105-125° E) outlined in Figure 1 . An extreme southerly day is defined if the regional mean 153 anomalous 850 hPa meridional winds exceeds 2 standard deviations above the boreal winter 154 average in the region. 155
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Ensemble Empirical Mode Decomposition (EEMD) 161
In present paper, the EEMD method is applied to separate the multidecadal-to-centennial 162 timescale variations of the SSTA time series over the northwestern Pacific. The EEMD 163 method is an adaptive time-frequency data analysis technique developed by Wu et al. (2007) 164 and Wu and Huang (2009) . It is an efficient way to separate specific timescale variations in 165 the original data series. The EEMD method is a refinement of the Empirical Mode 166 Decomposition (EMD) method, which emphasizes the adaptiveness and temporal locality of 167 the data decomposition (Huang et al. 1998; Huang and Wu 2008) . With the EMD method, any 168 complicated data series can be decomposed into a few amplitude-frequency modulated 169 oscillatory components, called intrinsic mode functions (IMFs), at distinct timescales. 170
The main steps of the EEMD analysis in this study are as follows (Qian, 2009): (1) add a 171 random white noise series with an amplitude 0.2 times the standard deviation of the data to 172 the target time series to provide a relatively uniform and high-frequency extreme distribution, 173 allowing the EMD to avoid the effect of potential intermittent noise in the original data; (2) 174 decompose the data with the added white noise into IMFs using EMD; (3) repeat steps 1-2 for 175 with a non-significant increasing trend (red lines in Fig. 4b) . However, the number of extreme 253 southerly days exhibits a significant increasing trend (significant at the 0.05 level) and it has a 254 significant positive correlation coefficient of 0.70 (0.66) with the number of persistent haze 255 days in Beijing with (without) trends, significant at = 0.01 level. The PDF of the duration of 256 extreme southerly events indicates that most of the extreme southerly episodes lasted for 3 257 days (Fig. 4c) . However, the probability of the extreme southerly episodes lasting for 1-3 days 258 is decreasing, while that of the longer episodes is increasing. The change in the extreme 259 southerlies corresponds well to that of the persistent hazes in Beijing. Clearly, the higher 260 probability of the longer extreme southerly episodes was underlying the increasing 261 occurrences of PHEs in Beijing. 
